EFFECT OF NATURAL SULFUR ON ZnO SYNTHESIS THROUGH HYDROTERMAL METHOD by Maryanti, Evi et al.








PROCEEDINGS PAPERS OF 
1st INTERNATIONAL CONFERENCE 
ON CHEMISTRY, PHARMACY AND 
MEDICAL SCIENCES (ICCPM)  
Theme: Advanced Research Development Base on Local Resources 
Bengkulu, 27 – 28 November 2018 
 












 ii    
Proceedings Papers  
1st International Conference on Chemistry, Pharmacy and 
Medical Sciences (ICCPM)  
Theme: Advanced Research Development Base on Local Resources 
 
Editor:  
Deni Agus Triawan, S.Si., M.Sc 
 
Reviewer: 
Prof. Dr. Irfan Gustian, M.Si 
Prof. Dr. Morina Adfa, M.Si  
Dr. Eng. Asdim, M.Si  
Dr. Agus Martono HP., DEA 
Devi Ratnawati, S.Pd., M.Si  




Publisher : UNIB PRESS 
Address : LPPM UNIB,  




Proceedings Papers of 1st International Conference on Chemistry, Pharmacy 
and Medical Sciences (ICCPM, Santika Hotel, 27-28 November 2018/ Editor 




 iii    
FOREWORD 
 
Assalamu’alaikum warahmatullahi wabarakaatuh and greetings. 
 
This proceeding contains selected papers of 1st International Conference on 
Chemistry, Pharmacy, and Medical Sciences (ICCPM) which held on November 26-
27, 2018, Santika Hotel, Bengkulu-Indonesia. The conference which was organized by 
the Department of Chemistry, Faculty of Mathematics and Natural Sciences, 
Universitas Bengkulu.  
 
The ICCPM 2018 is attended by more than 100 participants. In terms of origin, the 
participants of this ICCPM are coming from 6 countries i.e. Indonesia, Japan, US, 
Malaysia, Thailand, and India. The conference is the first international conference 
organized by the Department of Chemistry, Faculty of Mathematics and Natural 
Sciences, Universitas Bengkulu and is expected to be held continuously every three 
years. 
 
The conference particularly encouraged the interaction of research students and 
developing academics with the more established academic community in an 
informal setting to present and to discuss new and current work. Their contributions 
helped to make the conference as outstanding. The papers contributed the most 
recent scientific knowledge known in the field of Organic Chemistry, Material 
Chemistry, Pharmacy, Agricultural Chemistry, and Miscellaneous topic related to 
chemistry. 
 
Our deep gratitude is strongly forwarded to all individuals who took part in the 
conference, especially the keynote speakers, invited speakers, all the presenters 
and participants as well as all students and staffs who have been involved in the 
preparation and execution of the conference and the publication of the 
proceedings. Our deep gratitude also forwarded for all reviewers the manuscript for 
this proceedings. 
 
These Proceedings will furnish the scientists with a good reference book. I trust also 
that this will be an impetus to stimulate further study and research in all these areas. 
  
Bengkulu, 30 November 2018 
General Chair of ICCPM 
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Effect of Natural Sulfur on ZnO Synthesis through 
Hydrothermal Method 
Evi MARYANTI1*, Iwan Syahjoko SAPUTRA1, Sal Prima YUDHA1 
1 Chemistry Department of Mathematic and Natural Science Faculty, University of Bengkulu 
Abstract.   The synthesis of ZnO particles has done with hydrothermal method and by using natural sulfur in THF 
which acted as the mixture as well as the media of reaction occurrence. The process of formation of 
natural-sulfur-mixed ZnO were analyzed qualitatively by observing the crystallinity peak using XRD and 
the morphological changes of ZnO were observed by using SEM-EDX. The method used in this research 
was conducted with the preparation of natural sulfur in THF as the mixture and the preparation of Zinc 
nitrate tetrahydrate and Hexamine as the precursors. The results showed that the powder of natural sulfur 
could be used as the mixture on the synthesis of ZnO shown from the differences of the crystallinity peak 
and the morphological changes. Based on the XRD results, the sizes of ZnO particles respectively with the 
variation of sulfur concentration 0%, 0.5%, 1%, 1.5% were 40, 45, 45, 53 nm. The morphology of the ZnO 
hexagonal nanotubes changed into nanonails due to the influence of the natural sulfur addition. 
Keywords: Natural sulfur, synthesis, ZnO, XRD. 
 
A. Introduction   
Zinc oxide (ZnO) is an inorganic compound which is in 
the form of powder, white, and almost insoluble in 
water. The powder is widely used as an additive in 
various products and materials. ZnO is also often called 
a semiconductor material which has band gap wider than 
the semiconductor group II and VI [1]. At a room 
temperature, ZnO had the high value of the band gap 
energy (3.37 eV) [2,3]. Zinc oxide crystallized in three 
forms, namely hexagonal wurtzite, cubic zinc blende and 
cubic rocksalt (rarely observed). Of the three forms, the 
wurtzite structure was very stable at room temperature. 
The mechanochemical [4], spray pyrolysis [5], and 
hydrothermal [6] methods could be used to change the 
crystal structure and to form the nanostructure materials. 
Various efforts have been made to improve the 
properties of ZnO nanoparticles, one of which is by 
adding metal elements such as Ag, Al, Fe Mn, Cu, and 
other metals, as well as non-metallic elements such as C, 
N and S [7]. Recently, S doping in ZnO has been paid 
more attention because of the large electronegativity and 
size difference between S and O. It has been proved that 
many oxygen vacancies (VO) and zinc vacancies (VZn) 
are produced. The vacancies can pro-mote the adsorption 
of O2 and capture photo induced electrons to realize high 
photocatalytic efficiency [8]. However, doping of ZnO 
nanostructures with sulfur is seldom done and the S 
dopant’s behavior in ZnO nanostructures need to be 
further studied. Based on the literature and previous 
research, so far there had been no study on the influence 
of natural sulfur concentration in the solvent of 
tetrahydrofuran (THF) towards the morphology of ZnO.  
B. Results and Discussion  
2.1. Preparation of Sulfur Samples 
Sulfur rock grinding using the mortar and sifting of the 
sulfur from impurities such as dust using a 150-mesh 
sieve produced smooth sulfur powder. The powder was 
used as the mixture in the synthesis of ZnO. The process 
of grinding and sifting could be seen in Figure 1. 
Fig. 1. Process of (a) Grinding (b) Sieving 
 
2.2. Synthesis of ZnO through Hydrothermal  
Method 
Mixtures of zinc nitrate tetrahydrate, hexamine and THF 
in the stoppered erlenmeyer flask produced a clear 
solution. Figure 2 was the result of mixing all three 
solutions. 
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Fig. 2.  Mixtures of Zinc Nitrate, Hexamine, and THF 
 
The stoppered erlenmeyer flask functioned to make use 
of the water and heat on the mixture so that the pressure 
took place during the heating in the oven used for the 
formation of a sediment with a temperature of 95 °C for 
8 hours. During the process of synthesis, the process of 
the formation of ZnO occurred through the reaction 
mechanism in the mixture, between a solution of zinc 
nitrate and hexamine. The mechanism of the formation 
of ZnO could be written as follows [9]: 
Zn(NO3)2.4H2O + C6H12N4                   
ZnC6H12N4.(OH)2 + 2H2O + 2HNO3                       (1) (1) 
ZnC6H12N4.(OH)2    Zn(OH)2 + C6H12N4      (2) 
Zn(OH)2       ZnO + H2O      (3) 
In the first process, zinc nitrate tetrahydrate which was 
reacted with hexamine in the aqueous solution formed a 
complex hydroxide compound. In the second process, 
hexamine acted as a lewis polydentate (chelate) because 
it had four amine groups which helped the formation of 
the Zn2+ ion. This complex compound was then 
decomposed into the solid zinc hydroxide and hexamine 
was released back into the solution. During the heating 
process, the zinc hydroxide transformed into the solid 
ZnO by releasing H2O in the form of water vapor. 
2.3. Synthesis of ZnO doped Sulfur through 
Hydrothermal Method 
The precursor solution with the concentration 0.025 M 
which had been made was reacted with sulfur which had 
varied concentrations (0.5%, 1%, and 1.5%) in the 
stoppered erlenmeyer flask. While mixing the solutions 
of zinc nitrate and hexamine, the color change had not 
occurred. 
The color change occurred after the addition of the sulfur 
solution into the precursor solution. Figure 3 shows the 
color of the mixtures after the addition of the sulfur. The 
color of the mixture became milky white. During the 
solution mixture, no reaction occurred between the 
natural sulfur and the precursor solution. This could be 
explained further through the results of characterization 
using XRD and it was estimated that sulfur just stickled 
on the surface of the ZnO crystals. However, it was not 
bonded chemically. 
Fig. 3. Mixture of Zinc Nitrate, Hexamine, and Sulfur in 
THF 
 
2.4. Characterization Using SEM-EDX 
Characterization qualitatively using SEM was conducted 
to determine the morphology of the ZnO particles before 
and after the addition of sulfur. The presence of sulfur 
was very influential toward the characteristics of ZnO 
particles. Tube-shaped hexagonal crystal of (tube) of 
ZnO was clearly visible without the presence of sulfur as 
an element of mixture or media. However, as the sulfur 
with a concentration (0.5%, 1%, and 1.5%) was added, 
there was a change in the morphology of tube-shaped 
hexagonal (tube) turning into the nail-shaped (nail) 
shown in figure 4.  
Fig. 4. SEM Images of ZnO Using Precursors of Zinc 
Nitrate and Hexamine 0.025 M with the 
Addition of Sulfur with Concentration (a) 0% 
(b) 0.5% (c) 1% and (d) 1.5% 
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The morphological changes of zinc oxide indicated that 
the sulfur affected the morphology of ZnO. The addition 
of sulfur with different concentrations towards the 
results of the ZnO morphology was predicted to be able 
to change the optical properties, the electrical properties, 
and the band gap value of the ZnO particles [10]. The 
expected optical and electrical properties could become 
higher, so that the crystals of ZnO could be widely used 
in their various applications. Figure 4 (d) showed the 
best morphology of the three other images. It could be 
seen from the uniformity of the shape of the particles 
distributed evenly without experiencee clumping. 
Figure 5 showed the components of the constituent 
of ZnO particles with the presence of sulfur in THF as 
the mixture or media. At the precursor concentration 
0.025 M, it could be seen from the EDX data that the 
ions arising without the addition of sulfur were only Zn 
and O. Sulfur component appeared when the addition of 
mixed sulfur towards ZnO. 
Fig. 5. EDX of (a) ZnO and (b) ZnO doped Sulfur 
 
From the EDX data on the sulfur concentration of 1.5%, 
the mass of natural sulfur mixed with ZnO is 37.24%, 
while the rest was the % mass of Zn and O. 
2.5. Characterization Using XRD 
Characterization using XRD was conducted to determine 
the crystallinity and EDX to find out the components of 
the constituent compounds. The XRD results were also 
used to find the average size of ZnO particles by using 
the Scherer equation. 
 
 
Table 1. Average Size of ZnO Particles with and without the 
Mixture of Sulfur 
No Sulfur Average Size (D) 
1 0% 40.874 nm 
2 0.5% 45.270 nm 
3 1% 45.320 nm 
4 1.5% 53.979 nm 
 
The calculation of the average size of the particles 
showed that the more increasing the concentration of 
sulfur as the mixture, the greater the size of the ZnO 
particles produced. It was shown in Table 1.  
Fig. 6. XRD Patterns of the ZnO doped Sulfur with a 
Variation of the Length of Grinding Using the 
Mechanical Method [10]. 
 
Fig. 7. XRD Patterns of ZnO doped S (a) 0% sulfur (b) 
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Figure 6 was the XRD patterns [7] in the previous study 
as the comparison of the XRD patterns in this study. 
Figure 6 was the XRD results for ZnO particles. At an 
angle of 2θ, the crystallinity peaks of ZnO appearing 
above 30 and that of sulfur appearing below 30 were 
seen. The XRD patterns in this study were shown in 
Figure 7. 
From the results of characterization using XRD, the 
addition of sulfur to natural not only enlarged the size of 
the particles, but also decreased the intensity of the 
diffraction pattern of ZnO. 
C. Conclusion 
The addition of the sulfur concentration in THF had 
affected the morphology shape and size of ZnO particles. 
The results of this study showed that the greater the 
concentration of natural sulfur, the larger the size of ZnO 
particles produced. In addition, there were significant 
morphological changes of ZnO with and without the 
sulfur. 
D. Experimental Section 
4.1. Preparation of Sulfur Samples 
Natural sulfur samples were first smoothed and sifted to 
remove impurities such as dust and sand so that the 
smooth powder is obtained. 
4.2. Synthesis of ZnO without Natural Sulfur 
through Hydrothermal Method 
The synthesis of ZnO was performed by mixing a 
solution of 100 mL of zinc nitrate tetra hydrate 0.025 M 
with 100 mL of hexamine 0.025 M as well as 10 mL of 
THF in a stoppered erlenmeyer flask. The mixtures were 
then heated in the oven with the heating temperature of 
95 °C for 8 hours. White sediment produced was then 
filtered and washed with ultrapure 3 times, and then 
dried at a temperature of 95 °C for 4 hours. The obtained 
powders were then characterized using XRD and SEM-
EDX, so that the ZnO particles could be observed. 
4.3. Synthesis of ZnO doped Sulfur through 
Hydrothermal Method 
100 mL of the solution of zinc nitrate tetrahydrate 0.025 
M and 100 mL of the solution of hexamine 0.025 M 
were put into the stoppered erlenmeyer flask, and then 
the solution of sulfur in 10 mL of THF 10 with the 
concentration 1% was added. The mixtures were then 
heated in the oven with the heating temperature of 95oC 
for 8 hours. White sediment produced was then filtered 
and washed with ultrapure 3 times, and then dried at a 
temperature of 95 °C for 4 hours. The obtained powders 
were then characterized using XRD and SEM-EDX, so 
that the sulfur-mixed ZnO particles could be observed. 
The same treatment was carried out to the variation of 
sulfur concentration 0.5% and 1.5%. 
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